This study aimed at assessing the role of ubiquitous (non-Escherichia coli) Enterobacteriaceae in the dissemination of antimicrobial resistance through the urban water cycle. Enterobacteriaceae isolated from a municipal wastewater treatment plant (111 isolates), urban water streams (33 isolates) and drinking water (123 isolates) were compared in terms of: (i) genera distribution, (ii) resistance to 12 antibiotics, and (iii) class 1 and class 2 integrons. The predominant bacterial genera were the same in the different types of water, although with a distinct pattern of species. The most prevalent resistance phenotypes were observed for amoxicillin, ticarcillin, cephalothin and sulphamethoxazole (24-59% in the three types of water). No resistance against ceftazidime or meropenem was observed. Resistance to cephalothin, amoxicillin and sulphamethoxazole was significantly more prevalent in drinking water, water streams and wastewater, respectively, than in the other types of water. It was possible to recognize antibiotic-resistance associations, namely for the pairs streptomycin-tetracycline (positive) and ticarcillin-cephalotin (negative). Class 1 and/or class 2 integrons with similar gene cassettes were detected in the three types of water. This study demonstrated that Enterobacteriaceae are important vehicles of antibiotic resistance, namely in drinking water.
INTRODUCTION
Over the last years the epidemiology of antibiotic-resistant Enterobacteriaceae had a significant change (Denton ) .
Antibiotic-resistance prevalence has increased and new resistance genotypes, mainly against beta-lactams, have emerged. Frequently, such resistance genotypes rapidly disseminate to the community (Livermore & Woodford ; Paterson ; Denton ; Gould ). In part, such changes may be due to the ability that bacteria have to move between different environmental niches and to promote horizontal gene transfer processes (Baquero et al. ; Martinez ) . In this respect, bacteria that can colonize humans and other animals and survive in the The family Enterobacteriaceae comprises different genera and species, which according to their ecology and preferential habitats were tentatively divided into different groupsfecal (e.g. Escherichia coli), ubiquitous (e.g. In a study which aims at investigating the paths and extent of antimicrobial resistance dissemination in the environment, it was intended to assess the role of non-E. Coli Enterobacteriaceae. With this objective, Enterobacteriaceae isolated from: (i) wastewaters of municipal wastewater treatment plant, (ii) urban water streams with point sources discharges, and (iii) drinking water, were characterized. The hypothesis of this study was that ubiquitous Enterobacteriaceae, which can colonize different types of water, could represent a vehicle of resistance dissemination. The aim of the current study was, thus, to compare the three types of water in terms of: (i) Enterobacteriaceae genera distribution, (ii) occurrence of resistance to 12 antibiotics, and (iii) occurrence and characteristics of the variable regions of class 1 and 2 integrons.
METHODS

Sample collection
Water samples (1 L) were collected over the period of January As an additional confirmation, members of different groups were also identified using the API 20E system (bioMérieux). In total, the analysis of the 16S rRNA gene sequence was applied to 65% and the API 20E system to 10% of the isolates.
Bacterial enumeration and isolation
Antibiotic-resistance phenotypes
The antibiotic-susceptibility phenotypes were determined according to the standard disc diffusion method, as rec- 
RESULTS
Distribution of genera and species
The isolates examined in this study corresponded to the most abundant culturable non-E. Coli Enterobacteriaceae present in each type of water. On average, the bacterial counts corresponded to 1 CFU/mL in drinking water, 10 1 -10 2 CFU/mL in water streams samples, 10 3 CFU/mL in treated wastewater and 10 5 CFU/mL in raw wastewater. The genera Citrobacter, Enterobacter and Klebsiella were observed in the three types of water, and Kluyvera and
Raoultella were observed both in drinking water and wastewater, but not in water streams (Figure 1 (Table 1) .
Antibiotic-resistance patterns
One of the objectives of this study was to compare the prevalence of antibiotic resistance in different types of water.
Irrespective of the type of water, most of the isolates were susceptible to more recent antibiotics and/or those with lower consumption rates. Resistance against the antibiotics ceftazidime and meropenem was not observed in any type of water and against the antibiotics colistin sulphate, gentamicin, ciprofloxacin, tetracycline and sulphamethoxazole/ trimethoprim low prevalence values were observed ( Pantoea agglomerans (2); Providencia rettgeri (1); Providencia vermicola (1);
Serratia spp. (1); Serratia marcescens (2), Serratia fonticola (1); Serratia liquefaciens (1); Erwinia soli (1); Leclercia adecarboxylata (1) and Morganella morganii (1), in WW. Another aim of this study was to compare the patterns of antibiotic resistance in bacteria isolated from different types of water. In order to accomplish this objective, the possible associations of resistance phenotypes in the different types of water were assessed (Table 2 ). This analysis consisted of the comparison of resistance rates to one antibiotic among the resistant and susceptible bacteria to another antibiotic.
Such comparisons were restricted to antibiotic-resistance phenotypes observed in a representative number of isolates and only pairs of antibiotics in which significant associations were detected are presented in Table 2 . Three significant associations were detected. Resistance to the penicillins, amoxicillin and ticarcillin, was associated in the three types of water, suggesting common resistance mechanisms. In contrast, in drinking water and in wastewater, a negative association between the penicillin ticarcillin and the cephalosporin cephalothin was observed.
In other words, significantly lower rates of cephalothin resistance were observed among the ticarcillin resistant than among the ticarcillin susceptible bacteria (and viceversa). The third association was observed between streptomycin and tetracycline, in drinking water and water streams, but not in wastewater. It is noteworthy that among the 111 drinking water isolates susceptible to streptomycin none of these was resistant to tetracycline, whereas three out of the 12 resistant bacteria were tetracycline resistant.
Distribution and characteristics of class 1 and class 2 integrons
Class 1 integrons presented similar prevalence in drinking water and wastewater (1.6% in both types of water) and
were not detected among the water streams isolates (Table 3) . Class 2 integrons were less prevalent in drinking water than in the other types of water (1.6% in DW, 5.4%
in WW, 6.1% in WS). In drinking water, two, out of the four integrons, were found in K. oxytoca, whereas in wastewater were mainly detected in Kluyvera intermedia (5 out of 7). Among the four class 1 integrons analysed, three, detected in isolates of wastewater and drinking water, had the aadA1 gene and another one, detected in a Citrobacter gillenii isolated from drinking water, contained the cassette This hypothesis led to the analysis and comparison of the antibiotic resistance phenotypes. The Enterobacteriaceae examined in this study exhibited mainly resistance against antibiotics belonging to the classes with higher consumption Further studies based on molecular epidemiology of these bacteria may contribute to elucidate these aspects.
Altogether the data presented in this work shows that Enterobacteriaceae, given their ubiquity and plasticity, are important vehicles of antibiotic resistance, which under favorable conditions may colonize drinking water.
